, and function as the basic document for defining water policy for the protection, development, and management of water resources in the State. ASWCC's specific objectives in revising the first State Water Plan are to incorporate more recent data and research, evaluate new and existing problems, and present solutions and recommendations.
The study area consists of the entire Arkansas River basin in Arkansas ( fig. 1) , most of which lies in the Interior Highlands physiographic division. The Interior Highlands is an area of hilly to mountainous terrain which is underlain by consolidated rocks consisting of sandstone, shale, limestone, and dolomite. The southeastern tip of the study area extends into the Gulf Coastal Plain physiographic province. The Coastal Plain is characterized by flat to hilly topography and is underlain by unconsolidated sediments that consist chiefly of sand, gravel, silt, and clay. The boundary between the Coastal Plain and the Interior Highlands trends northeast-southwest through Little Rock and is known as the Fall Line.
The Interior Highlands physiographic division is divided on the basis of physiographic expression into two provinces; the Ozark Plateaus province and the Ouachita province. The Ozark Plateaus province encompasses the northwestern corner of the study area north of the Arkansas Valley section of the Ouachita province. The Ozark Plateaus province is dominated by deeply dissected plateaus rising over 2,000 feet (ft) above sea level. Limestone, dolomite, shale, and sandstone, ranging in age from Pennsylvanian to Ordovician, crop out in the Ozark Plateaus ( fig. 2) .
A more detailed description of the geologic units of the Ozark Plateaus is contained in the stratigraphic column in table 1. Small amounts of water, less than 10 gallons per minute (gal/min), are available in the area from outcrops of Paleozoic rocks, but as much as 500 gal/min may be obtained from the deeply buried sandstones and dolomites which constitute regionally important aquifers.
The Ouachita province, which encompasses most of the study area, consists of two sections; the Arkansas Valley to the north and the Ouachita Mountains to the south. The Arkansas Valley is an east-west trending synclinorium 30 to 50 miles wide with a surface generally lower than the Boston Mountains on the north and the Ouachita Mountains on the south (Fenneman, 1938) . A synclinorium is a broad regional syncline on which is superimposed minor folds while an anticlinorium is a series of anticlines and syndines so arranged structurally that together they form a general arch or anticline. The rocks cropping out in the Arkansas Valley are gently dipping beds of Pennsylvanian sandstones and shales ( fig. 2 ). In contrast, the Ouachita Mountains section is a faulted anticlinorium, with mountains and intermountain valleys being the dominant topographic features. The rocks which crop out in this part of the study area range in age from Pennsylvanian to Ordovician. Figure 2 .--Geology of the study area (modified from Haley, 1976 and Hosman, 1982) . The Arkansas River flows within a narrow valley 1 to 5 miles in width through the Arkansas Valley section. Alluvial deposits associated with the river occur in several disconnected areas along the river between Fort Smith and Little Rock. The coarse-grained basal section of the alluvium is a highly productive aquifer.
Except for the alluvial aquifer, there are no regionally significant water-yielding formations either at the surface or at depth in the Ouachita province.
The geologic units that crop out in the Coastal Plain province of the study area range in age from Tertiary to Quaternary ( fig. 2) . They consist of a series of sand, clay, and marl formations that outcrop in bands parallel to the Fall Line and dip to the southeast and, of alluvial deposits that blanket the area in the Coastal Plain from the Arkansas River east to the boundary of the study area. The alluvial deposits are part of the Mississippi River Valley alluvium and contain the most productive aquifer in the study area. The Sparta Sand of Tertiary age, which is part of the older sequence of beds underlying the Coastal Plain province, is also a highly productive unit in the study area as well as in much of the southeastern part of the State. Other Tertiary-age units, including the Cockfield Formation and the Midway Group, are of local significance. More detailed information describing the geologic units of the Coastal Plain is summarized in the stratigraphic column in table 3.
PURPOSE AND SCOPE
The purposes of this report are to (1) describe the general geologic and hydrologic characteristics of the basin, (2) describe the significant wateryielding units in more detail, and (3) examine specific ground-water problems and potential problems.
The study area includes all of the upper Arkansas River basin in Arkansas. For convenience, water-use figures were assembled by county for the 15-county area shown in figure 3 . This 15-county area approximates but does not correspond exactly to the study area.
The general physiographic and geologic characteristics of the study area including topography, geologic structure, and lithologies present are described in this report. In addition, the general hydrologic characteristics of the study area including ground-water availability, ground-water use, and ground-water quality are described. Several regionally important wateryielding units are described in more detail. These units include subsurface rocks and outcrops in the Interior Highlands, Quaternary deposits throughout the study area, and the Sparta Sand in the Coastal Plain. The availability and quality of water from each of these units are discussed in detail. Ground-water availability and quality problems in the study area also are described in detail. Klein and others, 1950; Terry and others, 1979; and Petersen and others, 1985) Erathem Figure 3 . Location of 15-county area used for water-use data compilation.
GENERAL HYDROLOGY OF THE STUDY AREA
Ground water is available from nearly all of the geologic units in the study area.
However, many of the units do not yield enough water even for domestic use. Others, such as outcrops of Paleozoic rocks generally are marginally acceptable as sources of water, but are important because they are readily accessible and usually are the only available source of ground water.
Ground-water withdrawals (Holland, 1987) in the 15-county area approximating the study area totaled 257 million gallons per day (Mgal/d) in 1985 (table 4), which represented 7 percent of the ground water withdrawn from all aquifers statewide. More than 70 percent of the water withdrawn in the 15-county area was from wells penetrating Quaternary deposits and the Sparta Sand in southern Pulaski and Jefferson Counties. Less than 10 percent was withdrawn from the Paleozoic units that underlie the Interior Highlands. More than 15 percent of the ground-water withdrawn was from the Quaternary deposits in the Arkansas River Valley between Fort Smith and Little Rock. Ground-water withdrawals from all aquifers in the 15-county area peaked in 1980 and declined between 1980 and 1985 (fig. 4 ). Self-supplied industry and public supply accounted for the remainder of the pumpage, most of which was in Jefferson County. Fluctuations in pumpage in each of these categories over the past 25 years are shown in figure 5 . A more detailed breakdown of water use in the 15-county area by county and use category is contained in table 5.
GROUND-WATER WITHDRAWALS, IN MILLION GALLONS PER DAY
In the Ozark Plateaus, ground-water quality in both the outcrops and subsurface rocks is similar and closely related to the mineral content of the rocks. The ground water in the limestones and dolomites that exist in this area is primarily of the calcium-magnesium-bicarbonate type and very hard (Lamonds and others, 1969) . Ground water from these units is used without treatment for rural, domestic, and some industrial purposes; but requires softening to be used for municipal supplies and most industrial 'purposes. High nitrate concentrations, indicating contamination from septic tanks and barnyard wastes, are common local problems in the Ozark Plateaus.
In the Ouachita province, both the outcrops of Paleozoic rocks and the Quaternary deposits yield ground water of the calcium-bicarbonate type.
The water from these units generally is hard and high in iron. In some areas water from the rock outcrops is slightly saline, whereas in other areas, high nitrate concentrations can be a problem in shallow wells.
South of the Fall Line, in the Coastal Plain, the Quaternary deposits yield a very hard calcium-bicarbonate water, which generally has a high iron content, while the Sparta Sand yields a very soft sodium-bicarbonate water. Soft water is described as water with a hardness range of 0 to 60 milligrams per liter (mg/L) of calcium carbonate (Hem, 1985) .
In most cases, ground water from the Quaternary deposits is more highly mineralized than that from the Sparta Sand, which is widely used for public supply with little or no treatment.
Ground-water-quality data are listed by geologic unit in table 6. The recommended limits for several of these constituents, as established by the U.S. Environmental Protection Agency under the Safe Drinking Water Act, can be found in tables 7 and 8. The Arkansas Department of Health uses the National Primary Standards to set State standards for public water-supply systems. o> Modified from U.S. Environmental Protection Agency, 1986b
GROUND-WATER RESOURCES OF MAJOR WATER-YIELDING UNITS Subsurface Paleozoic Rocks

Geology
Cambrian and Ordovician rocks, consisting primarily of dolomite and sandstone, crop out in southern Missouri and dip to the south into Arkansas where they are present only in the subsurface. They underlie the Ozark Plateaus province where they are sources of ground water.
The Gunter Sandstone Member, which is the basal member of the Van Buren Formation, and the Roubidoux Formation are the most regionally significant water-yielding units present in the section. The Gunter Sandstone Member ranges from 20 to 100 ft in thickness ( fig. 6 ) and is composed of dolomitic sandstone. The Roubidoux Formation is about 900 ft below land surface at the ArkansasMissouri State line and ranges from 130 to 450 ft in thickness ( fig. 7) . It consists primarily of dolomite, sandstone, and chert. The two water-yielding units are separated by as much as 500 ft of dolomite. The Eminence and Potosi Dolomites, which are composed of crystalline dolomite with some associated chert, lie several hundred feet below the Gunter Sandstone Member and have not been penetrated by water wells in the study area.
Hydrology
Most of the water withdrawn from the subsurface rocks is from the Gunter Sandstone Member. Well yields from the Gunter Sandstone average more than 200 gal/min, with local yields as much as 500 gal/min. Wells in the Roubidoux Formation yield as much as 450 gal/min. Water levels in the Gunter Sandstone range from 27 to 465 ft below land surface in the study area and those in the Water Quality
Analyses of samples from wells penetrating subsurface rocks show that water in these rocks is a moderately hard to very hard, calcium-magnesiumbicarbonate water. Hard water is defined as having a hardness range of 121 to 180 mg/L of calcium carbonate. Water with hardness of greater than 180 mg/L as calcium carbonate is described as very hard (Hem, 1985) . The quality of water from these rocks is well within the established drinking water standards (tables 7 and 8) with the exception of high iron and nitrate concentrations in a few isolated Benton County wells. A summary of the available water-quality data can be found in table 9. The subsurface Paleozoic rocks will yield freshwater in Benton and Washington Counties, but the water becomes mineralized and is unusable to the south. Almost all sedimentary lithologies are represented, but sandstone and shale are the most common. These rocks crop out along an east-west-trending synclinorium, whose axis runs approxi-mately along the Arkansas River in western Arkansas, and north of the Arkansas River in central Arkansas. Consequently, the oldest Paleozoic rocks crop out to the north in the Ozark Plateaus and along the southern boundary of the study area in the Ouachita Mountains, whereas younger Paleozoic rocks crop out in the Arkansas Valley.
Ground water in outcrops of Paleozoic rocks occurs mostly in secondary openings such as fractures, Joints, bedding planes, and solution channels. These secondary openings generally are larger and more numerous near the surface, consequently, the quantity of available ground water generally decreases with depth (Lamonds, 1972) . Wells in these rocks generally are less than 300 ft deep and yield less than 10 gal/min. The yield of a well depends on the number and size of openings penetrated by the well bore.
The water levels in these rocks form a subdued reflection of the land surface and are closest to the land surface in the valley (Lamonds, 1972) . Shallow wells generally are adequate for domestic supplies during the wet months, but the well yields are marginal during droughts.
Water Quality
Outcrops of Paleozoic rocks yield a hard to very hard, calciumbicarbonate water. The quality of this water is as variable as the lithologies, but the water generally is suitable for most uses.
Local concentrations of dissolved solids, nitrate, sulfate, iron and chloride can exceed allowable limits in some parts of the study area. Low pH values and colored water are problems in other areas. These problems are all of a local nature. In most areas, the quality of water from these rocks is well within the limits established for drinking water (tables 7 and 8). Additional quality data are summarized in table 10. Sparta Sand
Geology
The Sparta Sand, of Tertiary age, is the middle sand in the Claiborne Group. It is underlain by the Cane River Formation and overlain by the Cook Mountain Formation, both of which are confining units. The Sparta Sand subcrops beneath Quaternary deposits in eastern Pulaski and western Lonoke Counties and is exposed at the surface in a thin band in southwestern Pulaski and in Saline Counties (fig. 8) . It dips gently to the southeast and is more than 700 ft below land surface near Pine Bluff. The thickness of the formation ranges from less than 300 at the updip limit to 500 to 600 ft in the vicinity of Pine Bluff. The Sparta Sand consists mostly of beds of fine-to medium-grained sand in the lower half of the formation, and of beds of sand, clay, and lignite in the upper half.
Hydrology
The Sparta Sand is confined by overlying and underlying clay beds downslope from the outcrop areas producing artesian conditions in the aquifer. The sources of recharge to the Sparta Sand are precipitation on the outcrop, leakage through Quaternary deposits where it subcrops and leakage through confining layers, where the vertical hydraulic gradient is towards the Sparta. The lower half of the formation contains the most productive water-yielding zone. Production-well yields from the Sparta Sand range from a few hundred to as much as 2,000 gal/min. 
Water Quality
The Sparta Sand yields a soft, sodium-bicarbonate water of good quality. Water from the Sparta Sand is less mineralized than water from any other unit in the study area, and is suitable for most uses without treatment. Waterquality data for wells in the Sparta Sand are summarized in table 11. 
Median value Is 100
Quaternary Deposits Geology Quaternary deposits underlie the flood plain of the Arkansas River between Fort Smith and Little Rock and from the Arkansas River east to the study area boundary downstream from Little Rock (fig. 2) . These deposits compose a coarse sand and gravel aquifer at the base grading upward to finegrained sand, silt t and clay at the surface. They range in thickness from 40 ft at Fort Smith to 80 ft at Little Rock, and are about 150 ft thick where they occur in the Coastal Plain part of the study area (Klein and others, 1950; Cordova, 1963) .
Hydrology
Recharge to Quaternary deposits is primarily by downward percolation of precipitation and by seepage of water from the Arkansas River.
Average well yields upstream from Little Rock are 300 to 700 gal/min, while in the Coastal Plain, well yields average more than 1,000 gal/min with a maximum of about 2,500 gal/min.
Ground-water levels in the flood plain of the Arkansas River are strongly influenced by the stage of the navigation pools on the river. Since completion of the navigation system, water levels have risen several feet in wells close to the river and lesser amounts at greater distances from the river. Because of the high degree of connection between the river and the Quaternary deposits, the river serves as a large reservoir to sustain water levels and well yields. Water levels in the flood plain range from 5 to 30 ft below land surface. Water levels in the Quaternary deposits east of the river in the Coastal Plain have been influenced by the large withdrawals from the Quaternary deposits in the Grand Prairie and are at progressively greater depth below land surface from the river eastward. Along the eastern boundary of the study area, water levels are more than 40 ft below land surface.
The potentiometric surface in the Quaternary deposits in the Coastal Plain in 1985 is shown in figure 11 .
Water use from Quaternary deposits in the study area in 1985 totaled 178.18 Mgal/d, accounting for only 5 percent of the statewide total from these deposits.
Pumpage from these deposits in Pulaski and Jefferson Counties made up 85 percent of the total for the study area in 1985 (table 12) .
Use from these deposits in 1985 decreased almost 8 percent from 1980, after increasing between 1965 and 1980. Currently, these deposits are little used as a source of public supply in the study area. The primary use of water from Quaternary deposits is for irrigation. Figure 11 . Potentiometric surface in the Quaternary deposits south of the Fall Line in 1985 (modified from Plafcan and Fugitt, 1987) .
Water Quality
Water from Quaternary deposits is of suitable quality for irrigation and some industrial uses. It is used for domestic supply when no public supply is available. Hardness and iron are the most pervasive problems, while locally concentrations of nitrate, iron, chloride, sulfate, and dissolved solids can exceed allowable limits. Water-quality data for wells in Quaternary deposits are summarized in table 13.
GROUND-WATER PROBLEMS
Quantity
In a large part of the study area, the only sources of ground water are the outcrops of Paleozoic rocks, which yield less than 10 gal/min. Such low yields are due to the nature of the occurrence of ground water in secondary openings with low storage capacities. Quaternary deposits yield substantially more water, particularly south of the Fall Line but their area of use is somewhat smaller. Subsurface rocks and the Sparta Sand also yield large amounts of water, but only in relatively small areas within the study area.
Quality
The quality of ground water in the study area is highly variable from aquifer to aquifer and from one area to another. Hardness and high iron concentrations are the most common problems, although in local areas nitrate, chloride, dissolved solids and sulfate concentrations can exceed U.S. Environmental Protection Agency primary and secondary drinking water standards.
The occurrence of bacterial contamination in shallow wells and springs in the Interior Highlands has increased as human and animal populations have increased in the study area. Fractures and solution channels in outcrops of Paleozoic rocks, particularly limestones and dolomites, are highly susceptible to contamination because the fractures allow rapid infiltration of fecal matter from a variety of sources including septic tanks, landfills, poultry and cattle operations, and runoff from pastures. Wells also can be contaminated because of deteriorated well bore seals and perforated casings that allow contaminants to enter the well.
Studies by Steele and others (1975) , MacDonald and others (1976) , and Wagner and others (1976) documented bacterial contamination of both wells and springs in the northern part of the study area. Chesney (1979) reported the contamination of spring water at two trout hatcheries near Springdale by wastewater from a city lagoon and an industrial waste lagoon.
Several other water-quality problems also are related to man's activities.
In the coal region of the Arkansas Valley, acid water flows from at least two abandoned underground coal mines (Potts, 1987) . One mine is near Huntington, and the other is near Hartford. Water from both these mines is flowing into tributaries of the James Fork River. Sparta Sand and the Quaternary deposits, although significant, does not at this time appear to be causing water levels to decline at a rate high enough to meet critical-use criteria. Therefore, no areas in the study area are critical-use areas.
POTENTIAL GROUND-WATER PROBLEMS
The potential for ground-water contamination exists throughout the study area. Potential sources of contamination include landfills, surface waste impoundments, hazardous waste operations, storage tanks, septic tanks, and saline water intrusion. The probability of contamination of ground water varies from area to area depending largely on the permeability of the surface materials. Permeable materials that allow water to recharge aquifers will also allow contaminants to enter the ground-water system. Figure 12 shows the recharge potential of the basin in different areas. Zones shown on figure 12 as having high recharge potential include the outcrop areas of Paleozoic limestones, Arkansas Novaculite, Big Fork Chert, and Cockfield Formation. Zones with medium recharge potential are outcrops of Paleozoic rocks and stones and shales and low interstream terraces of Quaternary deposits. Zones with low recharge potential are the outcrops of the Jackson Group and the Cook Mountain Formation. The greatest potential for contamination is in zones with high recharge potentials.
At least 41 open landfills and dumps exist in the study area ( fig. 12 ). The contents of the majority of these landfills and dumps are virtually unknown. Hazardous materials may be stored in these areas and could be leaking into the shallowest aquifer. One Resource Conservation and Recovery Act (RCRA) site and two Superfund sites exist in the study area. More than 2.3 million tons of hazardous waste were generated or stored in the study area in 1982 (C.T. Bryant, U.S. Geological Survey, written commun., 1984) .
Surface waste impoundments also may be considered potential hazards to ground water. Chesney (1979) inventoried 7,640 impoundments at 872 sites. A small number of these impoundments (518) were selected for assessment of contamination potential. The assessment conducted by Chesney included a complete description of the impoundments including size in acres, age, amount, and type of wastes present and type of liner, and the presence of monitoring wells.
In addition, the geologic formations underlying the impoundments were rated according to the ease with which contaminants could penetrate surface layers. By using these data, the impoundments were then assessed for groundwater contamination potential, which is expressed as a numerical rating with a low of 1 and a high of 29. Surface waste impoundments with a hazard rating of 16 or above are shown in figure 12.
Additional sources of potential ground-water contamination include storage tanks, septic tanks, waste-injection wells, mining activities, pipelines, and wastes spilled in transport. Generalized recharge zones and potential ground-water contamination sources (modified from Bryant and others, 1985) .
SUMMARY AND CONCLUSIONS
Ground water is available from nearly all the geologic units in the study area.
Most of these units, such as the outcrops of Paleozoic rocks, are important only because they are accessible. However, several of the units are important regional sources of water. These include rocks in the subsurface and in outcrops in the Ozark Plateaus and Ouachita province. Important subsurface units include the Eminence and Potosi Dolomites, the Gasconade Dolomite and Van Buren Formation, and the Roubidoux Formation. In the Coastal Plain, both the Sparta Sand and Quaternary deposits are considered regionally important sources of water.
Although more than 90 percent of the water withdrawn in the 15-eounty area, which approximates the study area, was from Tertiary and Quaternary deposits, the outcrops of Paleozoic rocks are far more important areally. In most of the study area outcrops of Paleozoic rocks provide the only source of ground water.
Yields from the different water-yielding units are highly variable. In the Ozark Plateaus and Ouachita province, the subsurface Paleozoic rocks can yield as much as 500 gal/min, whereas the outcrops of Paleozoic rocks commonly yield less than 10 gal/min. The Quaternary deposits along the Arkansas River yield between 300 and 700 gal/min in these physiographic provinces. In the Coastal Plain, the Sparta Sand can yield as much as 2,000 gal/min, whereas Quaternary deposits can yield as much as 2,500 gal/min.
Ground water in the Ozark Plateaus and Ouachita provinces generally is usable without treatment for rural, domestic, and some industrial purposes; but may require softening and removal of iron to be made acceptable for municipal supplies and most industrial uses. In the Coastal Plain, the Sparta Sand yields a soft bicarbonate water, whereas the Quaternary deposits yield a very hard water. In most cases, ground water from the Quaternary deposits is much more highly mineralized than that from the Sparta Sand, which is widely used for public supply with little or no treatment.
In a large part of the study area, the only sources of ground water are the outcrops of Paleozoic rocks, which yield less than 10 gal/min. High iron concentrations in ground water are a common problem in much of the study area. Local ground-water quality problems include fecal bacterial contamination from poultry and cattle operations, septic tanks and other sources, and acid mine drainage near Huntington and Hartford, Arkansas.
Water use from the Sparta Sand and the Quaternary deposits, although substantial, does not at this time appear to be causing water levels to decline at a rate high enough to meet critical-use criteria.
Therefore, no areas in the Arkansas River basin were designated as critical-use areas.
The potential for ground-water contamination exists throughout the study area.
Potential hazards include landfills, surface waste impound-ments, hazardous waste operations, and storage tanks.
